The L1264P and R1275L heterozygous mutations of the myosin heavy chain 11 (MYH11) gene, which are on the same allele, have been reported to cause thoracic aortic aneurysms and/or dissections (TAAD) complicated with patent ductus arteriosus (PDA); however, their contributions to the pathogenesis of TAAD/PDA have not been elucidated. Here we report the first familial case of TAAD with only a MYH11 L1264P mutation, in which PDA was not observed, indicating that L1264P, not R1275L, is responsible for TAAD formation.
This genetic analysis of TAADs was approved by the University of Tokyo Hospital ethics committee (G-1538). Genomic DNA was extracted from peripheral blood or saliva. Mutation analyses for the thoracic aortic aneurysm-related genes (FBN1, TGFBR1, TGFBR2, TGFB2, SMAD3, ACTA2 and MYH11) were performed, and the PCR products were sequenced with the BigDye Terminator v3.1 cyclesequencing system on an ABI Prism 3100 × l Genetic Analyzer (Applied Biosystems, Waltham, MA, USA). The sequencing was performed using forward and reverse primers. All the primer sequences are available on request. The causal mutation was defined to be co-segregating with the phenotype in the family members and unreported as a single nucleotide polymorphism (SNP) in public genomic databases.
The proband (III-1) was a 40-year-old man without any history of treatment. At the age of 39, the subject developed a sudden onset of sharp precordial pain while watching his son's soccer game. He was diagnosed with an acute type A aortic dissection, and a Bentall operation was performed in a university hospital. Because his paternal grandmother (I-2), father (II-1), paternal uncle (II-3) and younger brother (III-3) had suffered from TAADs (Figure 1b) , he visited our hospital for genetic counseling. His height and weight were 172 cm and 61 kg, respectively (body mass index 20.6), and his arm span was 183 cm (span/height ratio = 1.06). There were no other skeletal, ocular or skin features typical of Marfan-related disorders, and transthoracic echocardiography revealed no cardiac abnormalities. In addition, his father (II-1) and younger brother (III-3) did not have PDA or other congenital heart diseases.
We performed genetic analyses of mutations of the TAADrelated genes including FBN1, TGFBR1, TGFBR2, SMAD3, TGFB2, ACTA2 and MYH11, among his family members and concluded that the L1264P (3791T4C) variant within exon 28 of the MYH11 gene was likely responsible for causing the TAAD phenotype ( Figure 1c ). The mutation was reported in an American TAAD/PDA family with L1264P and R1275L 4 and is absent from public SNP databases; co-segregation of this genetic variant with the TAAD phenotype was clearly shown in all the adult patients examined here. Although one 10-year-old child of the proband with the same mutation did not have aortic dilatation on transthoracic echocardiography (sinuses of Valsalva 21.3 mm, Z-score 0.43) or magnetic resonance angiography (maximum ascending aortic diameter, 20.6 mm), he required careful follow-up because the natural history of familial TAAD has not yet been elucidated.
TAADs are linked to high mortality rates and elevated medical expenses, and it is important to identify high-risk patients and take preventative action. The MYH11 gene encodes the SMC-specific myosin heavy chain (MYH11), a major component of the contractile unit in SMCs, and the mutations have been reported to be associated with TAAD and PDA. In an American family, the same MYH11 allelic variants, L1264P and R1275L, which were located at a mutational hot-spot in exon 28 encoding the α-helical coiled-coil domain to facilitate filament assembly, cosegregated with the TAAD phenotype with complete penetrance. 4 Although L1264P was predicted to be more harmfully influential on the structure or function of myosin thick filaments by COILS, an (III-1) , whereas the nucleotide G at position 3824 was not changed.
in silico prediction program for coiled-coil formation and more deleterious by the MutationTaster and PolyPhen-2 programs for mutation prediction (Figure 1a ), these effects have not been conclusively shown. This case of TAAD with only L1264P provides conclusive evidence of the causality of TAAD formation, although a possibility remains that R1275L functioned as a genetic modifier.
PDA is caused by impaired oxygen-induced vasoconstriction and is highly associated with TAAD caused by MYH11 mutations, suggesting the impairment of the contractile machinery in SMCs in a TAAD/PDA family. To the best of our knowledge, PDA has been linked to at least 8 families in 10 TAAD familial cases with MYH11 mutations. In this familial case, PDA was not found in all the relatives we examined, and two of four patients in the United States with L1264P and R1275L showed PDA. 4 The co-existence of PDA might be caused by L1264P alone, as a variant with inherent variable expressivity, or in combination with co-existing modifiers including R1275L. In addition, whether R1275L is totally unrelated or functions as a genetic modifier in the pathogenesis of PDA remains to be elucidated, and further research is necessary to investigate the relationship between MYH11 mutations and TAAD/PDA.
We reported the first familial case of TAAD with a MYH11 L1264P mutation in which PDA was not observed. Further genetic analyses are warranted to establish the clinical usefulness of re-sequencing the MYH11 gene to clarify a genetic background in TAAD cases.
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